Safety and efficacy of non–vitamin K oral anticoagulant for atrial fibrillation patients after percutaneous coronary intervention::A bivariate analysis of the PIONEER AF-PCI and RE-DUAL PCI trial by Chi, Gerald et al.
 
 
Safety and efficacy of non–vitamin K oral
anticoagulant for atrial fibrillation patients after
percutaneous coronary intervention:
Chi, Gerald; Kerneis, Mathieu; Kalayci, Arzu; Liu, Yuyin; Mehran, Roxana; Bode, Christoph;
Halperin, Jonathan L.; Verheugt, Freek W. A.; Wildgoose, Peter; Van Eickels, Martin; Lip,
Gregory Y.h.; Cohen, Marc; Peterson, Eric D.; Fox, Keith A. A.; Gibson, C. Michael
DOI:
10.1016/j.ahj.2018.06.003
License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)
Document Version
Peer reviewed version
Citation for published version (Harvard):
Chi, G, Kerneis, M, Kalayci, A, Liu, Y, Mehran, R, Bode, C, Halperin, JL, Verheugt, FWA, Wildgoose, P, Van
Eickels, M, Lip, GYH, Cohen, M, Peterson, ED, Fox, KAA & Gibson, CM 2018, 'Safety and efficacy of
non–vitamin K oral anticoagulant for atrial fibrillation patients after percutaneous coronary intervention: A
bivariate analysis of the PIONEER AF-PCI and RE-DUAL PCI trial' American Heart Journal, vol. 203, pp. 17-24.
https://doi.org/10.1016/j.ahj.2018.06.003
Link to publication on Research at Birmingham portal
General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.
•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.
Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.
When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.
If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.
Download date: 13. Aug. 2019
Accepted Manuscript
Safety and efficacy of non-vitamin K oral anticoagulant for atrial
fibrillation patients following percutaneous coronary intervention:
A bivariate analysis of the PIONEER AF-PCI and RE-DUAL PCI
trial
Gerald Chi, Mathieu Kerneis, Arzu Kalayci, M.S. Yuyin Liu,
Roxana Mehran, Christoph Bode, Jonathan L. Halperin, Freek
W.A. Verheugt, Peter Wildgoose, Martin van Eickels, Gregory
Y.H. Lip, Marc Cohen, Eric D. Peterson, Keith A.A. Fox
PII: S0002-8703(18)30179-0
DOI: doi:10.1016/j.ahj.2018.06.003
Reference: YMHJ 5708
To appear in: American Heart Journal
Received date: 3 November 2017
Accepted date: 5 June 2018
Please cite this article as: Gerald Chi, Mathieu Kerneis, Arzu Kalayci, M.S. Yuyin Liu,
Roxana Mehran, Christoph Bode, Jonathan L. Halperin, Freek W.A. Verheugt, Peter
Wildgoose, Martin van Eickels, Gregory Y.H. Lip, Marc Cohen, Eric D. Peterson, Keith
A.A. Fox , Safety and efficacy of non-vitamin K oral anticoagulant for atrial fibrillation
patients following percutaneous coronary intervention: A bivariate analysis of the
PIONEER AF-PCI and RE-DUAL PCI trial. Ymhj (2018), doi:10.1016/j.ahj.2018.06.003
This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.
AC
CE
PT
ED
 M
AN
US
CR
IPT
 1 
Safety and Efficacy of Non-Vitamin K Oral Anticoagulant for Atrial 
Fibrillation Patients Following Percutaneous Coronary Intervention: A 
Bivariate Analysis of the PIONEER AF-PCI and RE-DUAL PCI Trial 
 
 
Gerald Chi, M.D.
1
; Mathieu Kerneis, M.D.
1
; Arzu Kalayci, M.D.
1
; Yuyin Liu, M.S.
2
; Roxana 
Mehran, M.D.
3
; Christoph Bode, M.D.
4
; Jonathan L. Halperin, M.D.
3
; Freek W.A. Verheugt, 
M.D.
5
; Peter Wildgoose, Ph.D.
6
; Martin van Eickels, M.D.
7
; Gregory Y.H. Lip, M.D.
8
; Marc 
Cohen, M.D.
9
; Eric D. Peterson, M.D., M.P.H.
10
; Keith A.A. Fox, M.B.Ch.B.
11
; C. Michael 
Gibson, M.S., M.D.
1
 
RCT# NCT01830543 (PIONEER AF-PCI); NCT02164864 (RE-DUAL 
PCI) 
 
1
 Division of Cardiovascular Medicine, Department of Medicine, Beth Israel Deaconess Medical Center, Harvard 
Medical School, Boston, MA, United States 
2
 Baim Institute for Clinical Research, Boston, MA, United States 
3 
Cardiovascular Institute, Mount Sinai Medical Center, Icahn School of Medicine at Mount Sinai, New York, NY, 
United States 
4
 Heart Center, Department for Cardiology and Angiology I, University of Freiburg, Freiburg, Germany 
5
 Onze Lieve Vrouwe Gasthuis, Amsterdam, Netherlands 
6 
Janssen Pharmaceuticals, Inc., Beerse, Belgium 
7 
Bayer Pharmaceuticals, Inc., Berlin, Germany 
8 
Institute of Cardiovascular Sciences, University of Birmingham, Birmingham, United Kingdom; and Aalborg 
Thrombosis Research Unit, Department of Clinical Medicine, Aalborg University, Aalborg, Denmark 
9 
Division of Cardiology, Newark Beth Israel Medical Center, Newark, NJ, United States 
10 
Duke Clinical Research Institute, Durham, NC, United States 
11 
Centre for Cardiovascular Science, University of Edinburgh and Royal Infirmary of Edinburgh, Edinburgh, United 
Kingdom 
 
 
Word count: 266 (abstract); 2,640 (text) 
 
 
Address for Correspondence: 
C. Michael Gibson, M.S., M.D. 
PERFUSE Study Group 
Cardiovascular Division, Department of Medicine 
Beth Israel Deaconess Medical Center 
Harvard Medical School 
330 Brookline Avenue, Suite OV-540 
Boston, Massachusetts 02215 
United States 
Telephone: (617) 975-9950 
Fax: (617) 975-9955 
Email: mgibson@bidmc.harvard.edu 
 
 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
 2 
ABSTRACT 
Background: The tradeoff in safety vs. efficacy in substituting a non-vitamin K antagonist oral 
anticoagulant (NOAC) for a vitamin K antagonist (VKA) in the stented atrial fibrillation (AF) 
patient has not been quantitatively evaluated. Methods: Based upon summary data from the 
PIONEER AF-PCI and RE-DUAL PCI trials, 4 antithrombotic regimens were compared with 
VKA-based triple therapy: (1) rivaroxaban (riva) 15 mg daily + P2Y12 inhibitor; (2) riva 2.5 mg 
twice daily + P2Y12 inhibitor + aspirin; (3) dabigatran (dabi) 110 mg twice daily + P2Y12 
inhibitor; and (4) dabi 150 mg twice daily + P2Y12 inhibitor. A bivariate model with a non-
inferiority margin of 1.38 was used to simultaneously assess safety and efficacy. The safety 
endpoint was major or clinically relevant nonmajor bleeding by International Society on 
Thrombosis and Haemostasis definitions. The efficacy endpoint was a thromboembolic event 
(myocardial infarction, stroke, or systemic embolism), death, or urgent revascularization. The 
bivariate outcome, a measure of risk difference in the net clinical outcome, was compared 
between antithrombotic regimens. Results: All 4 NOAC regimens were superior in bleeding and 
non-inferior in efficacy compared with triple therapy with VKA. Riva 15 mg daily and 2.5 mg 
twice daily were associated with bivariate combined risk reductions of 5.6% (2.3%–8.8%) and 
5.5% (2.1%–8.7%) respectively, and dabi 110 mg twice daily and 150 mg twice daily reduced 
the bivariate risk by 3.8% (0.5%–7.0%) and 6.3% (2.4%–9.8%) respectively. Conclusions: A 
bivariate analysis that simultaneously characterizes both risk and benefit demonstrates that 
rivaroxaban- and dabigatran-based regimens were both favorable over VKA plus dual 
antiplatelet therapy among patients with AF undergoing PCI. 
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Clinical Trial Registration: URL: http://www.clinicaltrials.gov. Unique identifier: 
NCT01830543 (PIONEER AF-PCI); NCT02164864 (RE-DUAL PCI) 
 
Keywords: thromboembolism; myocardial infarction; stroke; revascularization; mortality; 
bleeding; anticoagulant 
 
Abbreviations: 
AF, atrial fibrillation 
ISTH, International Society on Thrombosis and Haemostasis 
NCB, net clinical benefit 
NOAC, non-vitamin K antagonist oral anticoagulant 
PCI, percutaneous coronary intervention 
TIMI, Thrombolysis in Myocardial Infarction 
VKA, vitamin K antagonist 
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INTRODUCTION 
 Approximately 3 to 10% of patients scheduled for percutaneous coronary intervention 
(PCI) with stent implantation have atrial fibrillation (AF) and both anticoagulant and antiplatelet 
therapy are indicated to prevent thromboembolic or coronary events.
1, 2
  Current practice 
guidelines recommend anticoagulation with a vitamin K antagonist (VKA) plus dual antiplatelet 
therapy with a P2Y12 inhibitor and aspirin as the standard-of-care in this setting.
3-7
  However, 
VKA-based triple therapy has been associated with a greater risk of major hemorrhage,
8, 9
 and 
this risk of bleeding has prompted efforts to develop new antithrombotic strategies.  Until 
recently, two randomized controlled trials (PIONEER AF-PCI
10
 and RE-DUAL PCI
11
) compared 
the safety and efficacy of non-vitamin K antagonist oral anticoagulant (NOAC) to triple therapy 
and demonstrated significant bleeding reduction with comparable ischemic outcomes.  However, 
the simultaneous tradeoff between bleeding and ischemic outcomes has not been quantitatively 
evaluated. 
 The present study aims to compare the risk-benefit profile of NOAC-based 
antithrombotic regimens versus VKA-based triple therapy based upon the results of PIONEER 
AF-PCI trial and RE-DUAL PCI trial.  We applied a previously developed bivariate analysis 
approach
12
 to assess the net clinical benefit of therapy that simultaneously weighs 
thromboembolism, death, and urgent revascularization against bleeding risks.
13
 
 
METHODS 
Data Extraction and Study Endpoints 
 Two randomized controlled trials that compared NOAC-based anticoagulation with VKA 
in AF patients undergoing coronary stenting were included: PIONEER AF-PCI 
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(ClinicalTrials.gov: NCT01830543) and RE-DUAL PCI (ClinicalTrials.gov: NCT02164864).
10, 
11
  In the PIONEER AF-PCI trial, the primary safety endpoint was the occurrence of clinically 
significant bleeding (a composite of major bleeding, minor bleeding, or bleeding requiring 
medical attention according to the Thrombolysis in Myocardial Infarction [TIMI] criteria) and 
the secondary efficacy endpoint was the occurrence of a major adverse cardiovascular event (a 
composite of death from cardiovascular causes, myocardial infarction, or stroke).  In the RE-
DUAL PCI trial, the primary safety endpoint was major or clinically relevant nonmajor bleeding 
event as defined by International Society on Thrombosis and Haemostasis (ISTH) and the 
secondary efficacy endpoint was a composite of thromboembolic events (myocardial infarction, 
stroke, or systemic embolism), death, or unplanned revascularization.  For the purpose of 
homogeneity in study endpoints, the present study selected ISTH major or clinically relevant 
nonmajor bleeding as the safety endpoint as used in the RE-DUAL PCI trial, and the composite 
of thromboembolic event, death, or urgent revascularization as the efficacy endpoint, again as 
used in the RE-DUAL PCI trial.  The frequencies of safety and efficacy events were extracted 
from secondary analysis of the PIONEER AF-PCI trial and published results of the RE-DUAL 
trial.
10, 11
 
 
Study Interventions 
 In the PIONEER AF-PCI trial, 2124 patients were randomly assigned to: 1) rivaroxaban 
15 mg once daily + P2Y12 inhibitor (clopidogrel, ticagrelor, or prasugrel for 12 months); 2) 
rivaroxaban 2.5 mg twice daily + P2Y12 inhibitor (clopidogrel, ticagrelor, or prasugrel for 1, 6, or 
12 months) + aspirin; and 3) dose-adjusted VKA + P2Y12 inhibitor (clopidogrel, ticagrelor, or 
prasugrel for 1, 6, or 12 months) + aspirin.  In the RE-DUAL PCI trial, 2725 patients were 
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randomized to (1) dabigatran 110 mg twice daily + P2Y12 inhibitor (clopidogrel or ticagrelor for 
12 months); (2) dabigatran 150 mg twice daily + P2Y12 inhibitor (clopidogrel or ticagrelor for 12 
months); and 3) dose-adjusted VKA + P2Y12 inhibitor (clopidogrel or ticagrelor for 12 months) 
+ aspirin (for 1 to 3 months).  To compare the safety and efficacy of NOAC-based regimens 
across the studies, VKA-based triple therapy (VKA plus background dual antiplatelet therapy) 
was selected as the control group.  Similarly, the treatment effect of rivaroxaban-based regimen 
and dabigatran-based regimen were compared with VKA-based triple therapy.  An additional 
comparison was made between reduced-dose NOAC-based regimen (combination of rivaroxaban 
15 mg once daily regimen and dabigatran 110 mg twice daily regimen) and VKA-based triple 
therapy. 
 
Statistical Analysis 
 The non-inferiority hypothesis for the efficacy was tested in the PIONEER AF-PCI trial 
to compare the effect of rivaroxaban dosing strategies with VKA on the composite of 
thromboembolic events, death, or urgent revascularization (Table 1).  The upper boundaries of 
95% confidence interval of relative risk for rivaroxaban dosing strategies were less than 1.38 (the 
non-inferiority margin used in the RE-DUAL PCI trial).  Again, to maintain consistency in the 
bleeding endpoint, the same bleeding definition used in RE-DUAL PCI trial (ISTH major or 
clinically relevant non-major bleeding) was applied to both studies. 
 Detailed methodology of the bivariate analysis has been described previously by 
Kittelson et al.
12, 14
  In brief, risk differences in safety (RDS) and efficacy (RDE) were calculated 
by subtracting the event rate of the control group from the event rate of the treatment groups.  A 
structured two-dimensional plane was thus defined by RDS and RDE, with the lower left quadrant 
ACCEPTED MANUSCRIPT
AC
CE
PT
ED
 M
AN
US
CR
IPT
 7 
representing reduction in both safety endpoint (major or clinically relevant nonmajor bleeding) 
and efficacy endpoint (thromboembolic event, death, or urgent revascularization).  The 95% 
Wald confidence intervals of RDS and RDE were reported in Table 2 and summarized as a 
rectangle on the plane in Figure 1. 
 Clinically important risk difference was set at 15% to approximate the maximum effect 
size among the four NOAC-based regimens (Table 2).  The non-inferiority margin was set at 
1.38 in accordance with the methods recommended by the Food and Drug Administration for the 
evaluation of NOAC in stroke prevention.
15
  Consequently, in the present analysis, the 
acceptable threshold for excessive risk difference (NIS and NIE) was set at 5.7% (i.e., the rate of 
safety or efficacy outcome in the treatment group cannot exceed that in the control group by 
more than 5.7% when the maximum effect size is reached).  Derivation of the NCB curve is 
provided in the Supplementary Material.
12, 14
 
 The NCB curve divided the risk-benefit plane into two regions: lack-of-benefit region vs. 
benefit region (Figure 1).  The lack-of-benefit region was defined as the partition above the curve.  
The risk-benefit profile was deemed favorable against the control group if the 95% CI rectangle 
did not contain the lack-of-benefit region.  Furthermore, bivariate outcomes were quantitatively 
assessed by the minimum distance from the NCB curve to three reference points: 1) center of the 
rectangle, representing the point estimate of the bivariate outcome; 2) southwest corner of the 
rectangle, representing the lower boundary of the bivariate outcome; and 3) northeast corner of 
the rectangle, representing the upper boundary of the bivariate outcome.  Accordingly, the 
collective treatment effect on safety and efficacy was presented as a point estimate along with a 
range of of bivariate risk difference.  Although their technical statistical properties are different, 
these metrics are analogous to reporting the point estimate with 95% confidence interval; that is, 
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positive values indicate increased risk and negative values indicate decreased risk.  Finally, a 
sensitivity analysis was performed to test a spectrum of non-inferiority margins, ranging from a 
more stringent margin of 1.14 (used in the ENCHANTED trial for evaluating the impact of 
thrombolysis on death or disability
16
) to a less stringent margin of 1.35. 
 The work was supported by research grants from Janssen Scientific Affairs and Bayer, 
the sponsors of the study.  The authors are solely responsible for the design and conduct of this 
study, all study analyses, the drafting and editing of the paper and its final contents. 
 
RESULTS 
Summary of Trial Results 
 Non-inferiority in efficacy and superiority in bleeding were first assessed separately 
(Table 1 and Table 2).  The rivaroxaban-based regimens and the dabigatran 150 mg twice daily 
regimen were non-inferior to VKA triple therapy with respect to the RE-DUAL efficacy 
endpoint (Table 1).  The superiority of rivaroxaban-based or dabigatran-based therapy over VKA 
with respect to bleeding has been demonstrated previously (Table 2).
10, 11
 
 
Qualitative Assessment of the Bivariate Outcome 
 While the above analyses evaluate safety and efficacy separately, a bivariate analysis was 
performed to assess safety and efficacy simultaneously.  Results of four antithrombotic regimens 
were expressed as a rectangle defined by the 95% confidence interval of risk difference in safety 
and efficacy on the risk-benefit plane (Figure 2).  The 0.00% vertical line and 0.00% horizontal 
line represented the superiority boundary for safety and efficacy, respectively.  The rectangles 
for all four NOAC-based regimens were on the left to the vertical line, indicating that these 
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regimens achieved superiority in bleeding compared with VKA.  The four rectangles crossed the 
horizontal line, indicating that superiority in efficacy was not achieved.  Similarly, rivaroxaban-
based regimen, dabigatran-based regimen, and reduced dosing strategy were superior in safety 
when compared with VKA-based triple therapy (Figure 3 and Figure 4). 
 The NCB curve was derived using a non-inferiority margin of 1.38 (corresponding to an 
acceptable threshold for excessive risk difference of 5.7%) and divided the plane into two 
regions.  The rectangles of the four NOAC-based regimens did not contain the partition above 
the curve (lack-of-benefit region), indicating that these regimens were favorable over VKA 
(Figure 2).  Similar risk-benefit profiles were observed in rivaroxaban- or dabigatran-based 
regimen as well as reduced-dose regimen (Figure 3 and Figure 4).  Analysis of the pooled data 
suggested that NOAC-based regimen was superior in safety and non-inferior in efficacy (Figure 
5). 
 
Quantitative Assessment of the Bivariate Outcome 
 Quantitatively, bivariate outcomes were assessed by the minimum distance from the NCB 
curve to the center (point estimate) and opposing corners of the rectangle (upper and lower 
boundaries).  The effect size in terms of bivariate outcome was then summarized in the forest 
plot (Figure 6).  Rivaroxaban 15 mg once daily and 2.5 mg twice daily were associated with a 
bivariate risk reduction of 5.6% (2.3%–8.8%) and 5.5% (2.1%–8.8%) respectively, and 
dabigatran 110 mg twice daily and 150 mg twice daily reduced the risk by 3.8% (0.5%–7.0%) 
and 6.3% (2.4%–9.8%) respectively.  Both the combined 2.5 mg and 15 mg rivaroxaban-based 
and the combined 110 mg and 150 mg dabigatran-based regimens were favorable over VKA, 
with a bivariate risk reduction of 5.6% (3.2%–7.8%) and 4.9% (2.5%–7.3%), respectively.  The 
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reduced-dose regimens of 15 mg Rivaroxaban and 110 mg Dabigatran and all 4 NOAC-based 
regimens combined demonstrated comparable bivariate risk reductions over VKA of 4.5% 
(2.2%–6.8%) and 5.5% (3.4%–7.5%), respectively (Figure 6). 
 
Sensitivity Analysis of the Non-Inferiority Margin 
 In the sensitivity analysis, a spectrum of non-inferiority margin (i.e., 1.14, 1.20, 1.25, 
1.30, and 1.35) was used to test the robustness of treatment effects of NOAC-based regimens 
(Figure S1 to Figure S5).  Rivaroxaban 15 mg daily and rivaroxaban 2.5 mg twice daily maintain 
an advantage over VKA when the non-inferiority margin is set at 1.25.  Dabigatran 110 mg twice 
daily and dabigatran 150 mg twice daily maintained an advantage over VKA when the margin 
was set at 1.35 and 1.20, respectively.  When all 4 regimens were taken together, the NOAC-
based regimens showed a favorable profile at the non-inferiority bound of 1.14.  In other words, 
if a 2.1% threshold of risk difference is clinically acceptable, NOAC would be preferred over 
VKA in the bivariate model that weighs thromboembolism, death, and urgent revascularization 
against bleeding risks. 
 
DISCUSSION 
 Clinicians must consider bleeding and ischemic outcomes simultaneously when making a 
decision regarding antithrombotic management in AF patients undergoing stent placement.  The 
superiority of rivaroxaban-based or dabigatran-based therapy over VKA based strategies with 
respect to bleeding has been demonstrated previously.
10, 11
  If a regimen is safer, then with 
respect to efficacy, non-inferiority instead of superiority is a reasonable goal.  The advantage of a 
bivariate analysis is that it potentially allows one to evaluate if whether a regimen is superior in 
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safety and simultaneously non-inferior in efficacy yielding an overall net clinical benefit.
13, 14
  
The efficacy endpoint in RE-DUAL was used for the non-inferiority analysis as it was broader 
and yielded more events than the narrower endpoint used in the PIONEER study (i.e., 
myocardial infarction, stroke, and cardiovascular death).  When weighed against the same scale 
of bleeding risk, both rivaroxaban-based and dabigatran-based regimens were favorable over a 
VKA-based regimen.  Using the efficacy endpoint from the RE-DUAL trial, the rivaroxaban 
regimens also achieve non-inferiority when analyzed as the sole endpoint independent of safety 
using traditional statistical methods.  Results from the PIONEER AF-PCI trial and RE-DUAL 
PCI trial both demonstrate that NOAC-based anticoagulation plus background antiplatelet 
therapy can be a desirable alternative to VKA-based triple therapy. 
 One simple approach to assess net clinical benefit (NCB) is to subtract the event rate of 
safety outcome from the rate of efficacy outcome.  The linear function of this conventional 
approaches treats the tradeoff as symmetrical and unlimited.  Thus, a substantial increase in 
bleeding would be inappropriately deemed acceptable given a corresponding reduction in 
thromboembolism.  A more sophisticated approach, however, is to calculate NCB in a bivariate 
model which is a novel statistical method devised to characterize the non-linear nature of 
tradeoffs in a two-dimensional outcome.
13, 14
  The bivariate model is a weighted aggregate of risk 
difference determined by the relative impact of treatment on safety versus efficacy.
17
  The output 
includes a qualitative display on the safety-efficacy plane and a quantitative comparison of the 
risk difference as the bivariate outcome.  The bivariate approach has been utilized to compare the 
risk-benefit profile of anticoagulation and antihypertensive strategies and to devise the stopping 
criteria for the interim analysis.
14, 18-20
  Furthermore, in the Kids-DOTT trial (ClinicalTrials.gov 
Identifier: NCT00687882), the bivariate endpoint was utilized as the primary outcome measure 
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to gauge the tradeoff between the risks of recurrent venous thromboembolism and bleeding 
associated with shortened-duration vs. conventional-duration anticoagulation.  This approach 
could be a valuable addition to the conventional tools to evaluate the risk-benefit balance of 
treatment. 
 As in the interpretation of unidimensional outcome, inference derived from the bivariate 
model may be affected by the choice of non-inferiority margin.  There are no historical data to 
guide the determination of non-inferiority margin for the endpoint of bleeding and 
thromboembolic events in the population of AF with stent placement.  This study adopts the non-
inferiority margin of 1.38, as recommended by the regulatory agency for NOAC trials in the 
assessment of stroke prevention,
15
 which has been considered as the most clinically relevant 
available reference.
21
  Thus far there is no consensus on the best practice for simultaneously 
analyzing multiple disparate endpoints to appraise the net clinical benefit of antithrombotic 
regimens.
22, 23
  Nevertheless, results from the present analysis inform future trials regarding the 
extent of excessive thromboembolic risks that may be considered acceptable provided the 
substantial benefits in bleeding reduction with NOAC-based regimens. 
 
LIMITATIONS 
 The present analysis evaluates the tradeoff between the primary safety endpoint (clinical 
significant bleeding) and the primary efficacy endpoint (thromboembolism, death, and urgent 
revascularization) which presumably have comparable clinical impact.  Patient values and 
preferences were not considered when assessing the risk-benefit of antithrombotic regimens.  
The tradeoff between the components of the safety and efficacy composite endpoints (for 
instance, TIMI major bleeding versus myocardial infarction) was not assessed although it may 
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also be of clinical interest.  It is also noteworthy that the present analysis did not account for 
multiple or recurrent events.  In addition, study-level data instead of individual-level data were 
analyzed in the bivariate model without accounting for potential between-study variance in 
treatment effects.  Furthermore, both included trials were powered for the bleeding endpoint 
rather than the quantified bivariate outcome in this analysis.  Finally, only 12% and 9% of the 
PIONEER and RE-DUAL study participants presented with STEMI and had primary PCI as the 
index event.  More data are required to confirm the net clinical benefit of NOAC-based regimen 
in this subset. 
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CONCLUSIONS 
 In the management of AF patients who received coronary stenting, both rivaroxaban-
based and dabigatran-based regimens were favorable over VKA plus dual antiplatelet therapy in 
a bivariate analysis that weighs thromboembolism, death, and urgent revascularization against 
bleeding risks. 
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Legends of Figures 
 
Figure 1. Interpretation of the bivariate analysis.  Qualitatively, a favorable net clinical benefit is 
established if the rectangle defined by 95% confidence interval of risk difference does not 
include the lack-of-benefit region.  Quantitatively, the bivariate outcome is measured by the 
minimum distance from the curve to the center (point estimate), southwest corner (lower bound), 
and northeast corner (upper bound) of the rectangle. 
 
Figure 2. Bivariate analysis of four antithrombotic regimens. 
 
Figure 3. Bivariate analysis of rivaroxaban-based and dabigatran-based regimens 
 
Figure 4. Bivariate analysis of reduced-dose (rivaroxaban 15 mg daily or dabigatran 110 mg 
twice daily) regimen 
 
Figure 5. Bivariate analysis of all NOAC-based regimens 
 
Figure 6. Comparison of bivariate outcome among antithrombotic regimens 
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Table 1. The composite efficacy endpoint of thromboembolic event, death, and urgent revascularization in the 
PIONEER AF-PCI and RE-DUAL PCI trial 
*
 
 
Antithrombotic Regimen 
Treatment 
n/N (%) 
VKA 
n/N (%) 
Relative Risk 
(95% CI) 
P-value 
for Non-
Inferiorit
y PIONEER AF-PCI     
Rivaroxaban 15 mg once daily + P2Y12 inhibitor 63/694 (9.08) 64/695 (9.21) 0.99 (0.71 to 
1.37) 
0.0234 
Rivaroxaban 2.5 mg twice daily + P2Y12 inhibitor + 
aspirin 
64/704 (9.09) 64/695 (9.21) 0.99 (0.71 to 
1.37) 
0.0234 
Rivaroxaban (combined) 127/1398 (9.08) 64/695 (9.21) 0.99 (0.74 to 
1.31) 
0.0108 
RE-DUAL PCI     
Dabigatran 110 mg twice daily + P2Y12 inhibitor 149/981 (15.19) 131/981 
(13.35) 
1.14 (0.92 to 
1.41) 
0.0407 
Dabigatran 150 mg twice daily + P2Y12 inhibitor 90/763 (11.80) 98/764 (12.83) 0.92 (0.70 to 
1.20) 
0.0015 
Dabigatran (combined) 239/1744 
(13.70) 
131/981 
(13.35) 
1.03 (0.84 to 
1.25) 
0.0017 
 
* 
P-value for non-inferiority was calculated at the one-sided alpha level of 0.025 with upper confidence limit of 1.38. 
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Table 2. Safety and efficacy of antithrombotic regimens in the PIONEER AF-PCI and RE-DUAL PCI trial 
*
 
 
Antithrombotic Regimen 
Treatment 
n/N (%) 
Control 
n/N (%) 
Risk Difference 
% (95% CI) 
P-value 
for 
Superiority 
Safety endpoint: ISTH major or clinically relevant nonmajor bleeding 
PIONEER AF-PCI     
Rivaroxaban 15 mg once daily + P2Y12 inhibitor 
(Regimen 1) 
110/696 
(15.80) 
170/697 
(24.39) 
-8.59 (-12.77 to -
4.40) 
<0.0001 
Rivaroxaban 2.5 mg twice daily + P2Y12 inhibitor + 
aspirin (Regimen 2) 
119/706 
(16.86) 
170/697 
(24.39) 
-7.53 (-11.75 to -
3.32) 
0.0005 
Rivaroxaban-based regimen (Regimen 1 + 2) 229/1402 
(16.33) 
170/697 
(24.39) 
-8.06 (-11.79 to -
4.33) 
<0.0001 
RE-DUAL PCI     
Dabigatran 110 mg twice daily + P2Y12 inhibitor 
(Regimen 3) 
151/981 
(15.39) 
264/981 
(26.91) 
-11.52 (-15.10 to -
7.94) 
<0.0001 
Dabigatran 150 mg twice daily + P2Y12 inhibitor 
(Regimen 4) 
154/763 
(20.18) 
196/764 
(25.65) 
-5.47 (-9.68 to -
1.26) 
0.0110 
Dabigatran-based regimen (Regimen 3 + 4) 305/1744 
(17.49) 
264/981 
(26.91) 
-9.42 (-12.72 to -
6.12) 
<0.0001 
Reduced-dose NOAC-based regimen (Regimen 1 + 3) 261/1677 
(15.56) 
434/1678 
(25.86) 
-10.30 (-13.02 to -
7.58) 
<0.0001 
NOAC-based regimen (Regimen 1 + 2 + 3 + 4) 534/3146 
(16.97) 
434/1678 
(25.86) 
-8.89 (-11.36 to -
6.42) 
<0.0001 
Efficacy endpoint: thromboembolic event, death, or urgent revascularization 
PIONEER AF-PCI     
Rivaroxaban 15 mg once daily + P2Y12 inhibitor 
(Regimen 1) 
63/694 (9.08) 64/695 (9.21) -0.13 (-3.16 to 
2.90) 
0.93 
Rivaroxaban 2.5 mg twice daily + P2Y12 inhibitor + 
aspirin (Regimen 2) 
64/704 (9.09) 64/695 (9.21) -0.12 (-3.14 to 
2.90) 
0.94 
Rivaroxaban-based regimen (Regimen 1 + 2) 127/1398 
(9.08) 
64/695 (9.21) -0.12 (-2.75 to 
2.50) 
0.93 
RE-DUAL PCI     
Dabigatran 110 mg twice daily + P2Y12 inhibitor 
(Regimen 3) 
149/981 
(15.19) 
131/981 
(13.35) 
1.83 (-1.26 to 
4.93) 
0.25 
Dabigatran 150 mg twice daily + P2Y12 inhibitor 
(Regimen 4) 
90/763 
(11.80) 
98/764 
(12.83) 
-1.03 (-4.33 to 
2.26) 
0.54 
Dabigatran-based regimen (Regimen 3 + 4) 239/1744 
(13.70) 
131/981 
(13.35) 
0.35 (-2.32 to 
3.02) 
0.80 
Reduced-dose NOAC-based regimen (Regimen 1 + 3) 212/1675 
(12.66) 
195/1676 
(11.63) 
1.02 (-1.19 to 
3.23) 
0.37 
NOAC-based regimen (Regimen 1 + 2 + 3 + 4) 366/3142 
(11.65) 
195/1676 
(11.63) 
0.01 (-1.89 to 
1.92) 
0.99 
 
*
 All 95% confidence intervals of the risk differences exclude the non-inferiority margin of +5.7% 
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